Background/Aims: Hyperparathyroidism (HPT) is a common complication of chronic kidney disease and contributes to hypertension and cardiovascular risks. Successful kidney transplantation corrects abnormal mineral metabolism, but persistent HPT is still observed in up to 25% of patients one year after transplantation despite renal function improvement. The purpose of this study was to examine the long-term effects of parathyroidectomy (PTX) on blood pressure (BP) and graft function in patients with persistent post-transplant HPT. Methods: This is a retrospective study of renal allograft recipients at a single institute. Records from all the patients who received kidney transplantation at the Taipei Veterans General Hospital between 2004 and 2012 were reviewed and enrolled 19 patients who underwent PTX for persistent post-transplant HPT. Preoperative and postoperative clinical and biochemical data were compared. Matched controls (n = 19) in the corresponding time span were enrolled for graft function comparisons. Results: The mean systolic BP (127.7 ± 14.3 to 119.5 ± 12.7 mmHg, p = 0.028, 1 year after PTX; 127.7 ± 14.3 to 117 ± 12.4 mmHg, p = 0.007, 2 years after PTX) and pulse pressure (PP) (51.3 ± 10.7 to 44.3 ± 11.6, p = 0.019 1 year after PTX; 51.3 ± 10.7 to 44.9 ± 12.5 mmHg, p = 0.028, 2 years after PTX) reduced significantly at 1 year and 2 years of follow-up. However, no significant change of diastolic BP was observed. The improvement of SBP, DBP and PP was not correlated with the reduction of serum calcium level 1 year after PTX. The estimated glomerular filtration rate decreased significantly from 74.0 ± 20.5 mL/ min/1.73m 2 preoperatively to 68.2 ± 24.8 mL/min/1.73 m 2 12 months after PTX but recovered at 15 months and lasted to 2 years after PTX. The all-cause hospitalization rate 1 year after PTX tended to be higher than that 1 year before PTX (105.3 versus 47.4 per 100 patient-years; RR, 2.22; 95 % CI: 0.97-5.54), but there was no significant difference between them. Conclusions: Our study demonstrated systolic BP and PP reduced 2 years after PTX and there was no significant difference between the peri-operative all-cause hospitalization rates. In addition, kidney allograft function impaired temporarily 12 months after PTX, but recovered 15 months after PTX.
Introduction
Hyperparathyroidism (HPT) is a common complication of chronic kidney disease (CKD). Elevation of parathyroid hormone (PTH) can be stimulated by hyperphosphatemia, hypocalcemia and the low concentrations of 1,25-dihydroxyvitamin D. Hyperphosphatemia resulting from CKD increases expression of the phosphaturic hormone fibroblast growth factor-23 (FGF23), which further aggravates secondary HPT by reducing 1,25-dihydroxyvitamin D production and directly suppresses parathyroid gland. Even at the early stage of HPT, there is variable under-expression of the calcium-sensing receptor and vitamin D receptor of parathyroid cells, making the parathyroid cells unable to respond appropriately to serum level of calcium and vitamin D [1, 2] . Although successful kidney transplantation may correct the abnormal mineral metabolism in the first post-operative month [3, 4] , these early favorable effects do not always contribute to rapid normalization of serum PTH level.
Despite renal function restoration, persistent HPT could still be observed in up to 25% of patients one year after transplantation [5] . There are evidences showing that secondary HPT is associated with increased cardiovascular mortality [6] . Indications for parathyroidectomy (PTX) in kidney transplant recipients include persistent post-transplant HPT combined with severe hypercalcemia, unexplained renal function deterioration, and progressive bone mineral density loss [7] [8] [9] .
The purpose of this study was to analyze the long-term effect of PTX on the blood pressure and graft function in patients with persistent post-transplant HPT because research data in this respect are still limited with contradictory results.
Materials and Methods

Study protocol and subjects
This is a retrospective study on the renal allograft recipients collected at a single institute. Records from all patients subjected to kidney transplantation at the Taipei Veterans General Hospital, Taipei, Taiwan, between January 2004 and December 2012 were reviewed. A total of 255 patients received kidney transplant; 44 among them underwent PTX for persistent post-transplant HPT. The patients who received PTX after graft failure (n = 5) and those with missing data (n = 14) were excluded from the final analysis. The main cause of the missing data was loss of follow-up. The remaining patients (n = 19), 9 males and 10 females, comprised the study group. For each of the 19 PTX patients, a renal transplant recipient who didn't receive PTX matched for date of transplantation of the corresponding case was selected as the control group.
We collected demographic information from medical records, including age, gender, body mass index, estimated glomerular filtration rate (eGFR), duration of dialysis before transplant, timing of PTX after transplantation, cause of end stage renal disease (ESRD) of native kidney, comorbidities, anti-hypertensive drugs before PTX, immunosuppressant agents, pre-and post-PTX serum level of PTH, calcium and phosphate. The patients were hospitalized for surgery and were therefore followed up in the out-patient clinic at least every 3 months. BP and biochemistry data were obtained before, 1 year, and 2 years after PTX. The control group was studied in the corresponding time span.
All protocols were approved by the Institutional Review Board of the institute before the study began, and the protocols conformed to the ethical guidelines of the Helsinki Declaration. The need for informed consent was waived because of the retrospective nature of the study. nuous variables, paired t test, Mann-Whitney U test and Pearson correlation were used as appropriate. We used rate ratios (RRs) and 95 % confidence intervals (95 % CIs) to compare the occurrence of hospitalizations in the 1-year period after versus 1 year preceding PTX. Data were analyzed using Statistical Package for the Social Sciences (SPSS) version 18.0 (SPSS, Chicago, USA). All tests were two-tailed and a p value < 0.05 was considered statistically significant.
Results
We reviewed the records of the study and control groups. The demographics of both groups are listed in Table 1 . The study patients' mean age at the time of PTX was 45.7 ± 8.2 years and the mean BMI was 22.9 ± 2.9 (Kg/m 2 ). The interval between transplantation and PTX was 1.3 ± 1.0 years. The indication of PTX in the study patients was all due to hypercalcemia. Seventeen (89.4 %) patients received subtotal PTX and two (10.6 %) patients received total PTX. The causes of ESRD of native kidney were diabetic nephropathy (n = 3), chronic glomerulonephritis (n = 11), chronic interstitial nephritis (n = 1), hypertensive nephropathy (n = 3) and chronic pyelonephritis (n = 1). The most prevalent comorbidities were hypertension (78.9 %), diabetes mellitus (15.8 %), congestive heart failure (10.5 %) and coronary heart disease (10.5 %). Causes of ESRD, comorbidities, and baseline BP of the control group [10] .
Statistical analysis
Continuous variables were described as mean ± standard deviation for normally distributed data, and as median (interquartile range [IQR]) for non-normally distributed data. For conti-were similar to those of the study group. As compared to the control group, serum calcium was significant higher and serum phosphate was lower in the study group.
The serial changes of BP before PTX, 1 year, and 2 years after PTX in the study group are listed in Table 2 . Compared with their baseline status (pre-PTX), SBP (p = 0.028, in 1 year; p = 0.007 in 2 years) and PP (p = 0.019 in 1 year; p = 0.028 in 2 years) decreased significantly, while DBP remained unchanged. The number of anti-hypertensive drugs taken was reduced 1 and 2 years after PTX (p < 0.001 in 1 year; p = 0.012 in 2 years). There was no correlation between the change of SBP, DBP and PP and the change of serum calcium, phosphate or iPTH level 1 year after PTX (Figure 1) .
A significant reduction of the serum level of iPTH (reference range: 15.0-68.3 pg/mL) and calcium (reference range: 8.4-10.6 mg/dL) were observed after PTX in the study group. Serum phosphate level (reference range: 2.1-4.7 mg/dL), conversely, increased significantly. Figure 2 demonstrates that PTX may lead to temporary kidney allograft dysfunction, while the graft function was steady in the control group in the corresponding period. Graft function declined significantly 12 months after PTX. However, it improved 15 months after PTX and showed no significant difference from baseline. The change of serum calcium during the first year was not related to the change of eGFR. As for the time period between 1 year after PTX and 2 years after PTX, there was still no correlation between the change of calcium level and the change of eGFR (Figure 3) .
A total of 20 all-cause hospitalizations occurred among 19 individuals within one year after PTX. The average annual hospitalization rate was 1.05 per person. All-cause hospitalizations were higher by 122 % compared with the prior one year before PTX (105.3 versus 47.4 per 100 patient-years; RR, 2.22; 95 % CI: 0.97-5.54, Figure 4 ). Only one hospitalization after PTX was due to hypocalcemia. Table 2 . Laboratory data, blood pressure, and eGFR before and after PTX 
Discussion
This study demonstrated an enduring effect beyond 2 years of PTX in reducing SBP and PP as well as the requirement of anti-hypertensive drugs in patients with persistent post-transplant HPT. Several small-scale studies have examined the effect of PTX on BP in patients with secondary HPT with contradictory results. A previous study disclosed a significant decrease of SBP and DBP after PTX in 30 dialysis patients with HPT [11] , while others failed to find that PTX could correct hypertension in primary HPT [12] . Few studies have focused on the subgroup of patients having persistent post-transplant HPT, except a retrospective study that demonstrated the significant decrease of SBP and DBP in kidney transplant recipients 6 months after PTX [13, 14] . Our study was the first one to further examine the long-term BP alteration after PTX. There are some hypotheses to explain the reduction of blood pressure after PTX. One possible mechanism is persistent HPT-related hypercalcemia which is linked to development of vascular calcification [6] and is assumed to stiffen the vasculature and impair the arterial distensibility, leading to high PP, which is as an indicator of arterial stiffness. This hypothesis was proven by a study showing that intradialytic hypotension was significantly improved after PTX in maintenance hemodialysis patients with secondary HPT [15] , in agreement with our findings of the successful correction of hypercalcemia after PTX. In animal and human studies, acute exposure of PTH seemed to reduce BP as a result of the vasodilatory effect [16, 17] , whereas chronic exposure could induce hypertension through inducing the accumulation of calcium in vascular smooth muscle cells [16, 18] . However, we failed to demonstrate the correlation between the reduction of serum calcium or iPTH level and the change of the SBP, DBP and PP after PTX. Our findings suggest the possibilities of other unknown mechanisms that might contribute to the improvement of BP control beyond hypercalcemia correction. Further prospective trials are warranted.
There are other hypotheses to explain the association between PTX and reduction of BP. A previous study has found that PTH directly stimulated the activity of the renin-angiotensin-aldosterone system to increase BP [19] . In their studies, they provided that PTX reduced BP by suppressing serum levels of renin and aldosterone in primary HPT patients. In a recent animal study, high phosphate diet resulted in elevated BP through PTH mediated renin stimulation, in concordance with the previous finding [20] . Endothelium is another target of PTH with potential alteration on BP. Endothelial dysfunction is related to PTH levels and elevated PTH compromises the elastic properties of the arterial wall [21] . Over responsiveness of vasoactive hormones in the presence of HPT was assumed by a study to account for the high BP [22] . Our study further demonstrated that the BP-lowering effect of PTX was able to last for 2 years.
We also observed a normalization of serum phosphate after PTX. Hypophosphatemia is noted temporarily in up to 90 % of the patients in the early post-transplant period [23] . According to previous studies, FGF23 levels remain increased in renal transplant recipients at early post-transplant period [23, 24] . Therefore, FGF23 and persistent HPT may act synergistically to increase the effect of phosphaturia. In our study, low level of serum phosphate after transplantation and normalization of it after PTX may further support this hypothesis.
The current recommendation for persistent post-transplant HPT is to closely observe and frequently monitor until spontaneous resolution. The indications for PTX include persistent hypercalcemia, symptomatic hyperparathyroid bone disease, rapidly worsening vascular calcification, and spontaneous fractures in the presence of HPT [7] [8] [9] . In our study, the indication for PTX of the study patients was all due to hypercalcemia, suggesting a tertiary HPT status. However, the decision of receiving PTX in clinical practice is still very difficult because the impact of PTX on allograft function is contradictory.
A previous study on 32 patients who received PTX for post-transplant HPT has shown that eGFR continued to decline for two months after PTX but then began to recover toward pre-PTX level 12 months after PTX. In other words, the post-PTX GFR decline was temporary and would eventually recover to pre-PTX levels [25] . However, another study reviewed 32 patients subjected to PTX at least 9 months after transplantation and found significant deterioration of graft function 6 months after PTX [13] . In their study, long-term stabilization was not observed due to a short follow-up period. In addition, Kandil et al. retrospectively analyzed 49 patients who received PTX after kidney transplantation and found that PTX contributed to GFR decline after 3 years of follow-up. However, the 3-year graft survival in their study showed no statistical difference between groups [26] . In our study, we found that graft function deteriorated temporarily 12 months after PTX but recovered to the baseline 15 months after PTX. On the other hand, the graft function of the control group was steady in the corresponding period. The mechanism to link the early graft dysfunction and PTX is not completely understood, although some possibilities have been proposed. In an animal mo-del, PTH has shown to have significant vasodilatory effects on preglomerular vessels while at the same time efferent arterioles are constricted secondary to renin release [27] . The acute deterioration of renal function owing to the reverse of glomerular hyperfiltration means reduced renal perfusion following PTX. However, the hemodynamic correction should attenuate hyperfiltration injury and progression of kidney injury on a long-term basis. Our finding of temporary graft function impairment after PTX was consistent with this hypothesis. After an initial deterioration, renal function showed a steady improvement with time approaching to the baseline. Additionally, PTX normalized serum calcium level and decreased vasoconstriction and nephrocalcinosis mediated by hypercalcemia. Therefore, graft function improved once hypercalcemia was corrected after PTX. However, the change of serum calcium was not correlated with the change of eGFR in our cohort. There might be other mechanisms responsible for the improvement of the graft function after PTX, which deserves further prospective research.
Few studies have comprehensively evaluated the risk associated with PTX. In one large study using USRDS data and observed the higher 30-day mortality compared with those who did not (3.1 % versus 1.2 %) in dialysis patients; this elevated risk lasted to 90 days and inverted after 90 days [28] . A recent nationwide cohort of patients on hemodialysis found that all-cause hospitalizations one year after PTX were higher by 39 % compared to one year prior to PTX. [29] . In our study, all-cause annual hospitalization rate before and after PTX showed no significant difference. Our study is the first to evaluate the peri-operative hospitalization rate in renal transplant recipients.
Conclusion
Persistent post-transplant HPT can be corrected by PTX. Our findings demonstrated that SBP and PP were reduced 2 years after PTX and there was no significant difference between the pre-operative and post-operative all-cause hospitalization rates. In spite of temporary kidney allograft dysfunction that occurred 12 months after PTX, the graft function eventually recovered 15 months after PTX.
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